Temporal widths of an attosecond (asec) XUV radiation pulse train, formed by the superposition of higher order harmonics of a Ti:Sapph laser, have been recently determined utilizing a 2 nd order autocorrelation measurement of the XUV radiation field. The measured mean width of the attosecond train bursts is discussed in terms of the spectral phases of the individual harmonics, as well as in terms of the spatially modulated temporal width of the radiation and is found in reasonable agreement with the expected attosecond burst duration.
Temporal widths of an attosecond (asec) XUV radiation pulse train, formed by the superposition of higher order harmonics of a Ti:Sapph laser, have been recently determined utilizing a 2 nd order autocorrelation measurement of the XUV radiation field. The measured mean width of the attosecond train bursts is discussed in terms of the spectral phases of the individual harmonics, as well as in terms of the spatially modulated temporal width of the radiation and is found in reasonable agreement with the expected attosecond burst duration.
The superposition of harmonics of a femtosecond (fsec) laser beam may form a train of pulses with duration in the attosecond (asec) regime [1] or even isolated as pulses [2] . Since this extreme temporal localization of light has been demonstrated in the laboratory, its rigorous characterization became a challenging problem that has set off intense experimental and theoretical efforts. Among them, the one targeting the extension of well established methods of optical fsec metrology to the XUV asec regime resulted to the demonstration of a second order autocorrelation (AC) measurement of an asec pulse train [3] formed by the superposition of five harmonics. In this experiment, the measured pulse duration was found to be substantially longer than the Fourier transform limited (FTL) duration, in contrast to the findings of other characterization approaches that have resulted in durations much closer to their FTL values [2] for several sets of superpositions of five harmonics. Although the harmonics of the two different approaches are not of the same order, this discrepancy has raised important questions as to its origin. As a first step to investigate the discrepancy, the artificial broadening due to the spectral and temporal response of the two-XUV-photon ionization of He, acting as the non-linear detector [4] for the 2 nd order AC measurement, has been assessed through ab initio calculations. The time-dependent Schrödinger equation of helium in the XUV pulse has been solved numerically. The energy resolved photoelectron spectrum has been calculated and compared to that of a detector having a perfectly flat spectral response for FTL pulses. The deviation from the flat response is of the order of 30%, having no practical consequences in measuring temporal profiles. In addition, interferometric 2 nd order AC traces for a collinear geometry have been calculated for various wavelengths and then compared to the 2 nd order interferometric AC trace of a detector with rigorously instantaneous response. The comparison shows that for all harmonics far from resonance the two AC traces are almost identical, a case that is fulfilled for the 790 nm wavelength used in the experiment [5] . The measured mean pulse duration was then examined on the basis of the harmonic phases resulting from the atomic response in the generation process. Following the classical three-step model [6] , the emission times t e [7] associated with each harmonic were estimated at the experimental driving field peak intensity. Using these emission times, the experimental harmonic amplitude ratios, a mean harmonic generation nonlinearity of 6, and a 2 nd order extrapolated phase for the 7 th harmonic, asec bursts have been reconstructed.
The reason for using an extrapolated phase value for the 7 th harmonic is that it is below the ionization threshold of the generating atom and thus no phase information can be extracted from the rescattering model. A 2 nd order interferometric AC trace of the reconstructed pulse showed pulse duration of 595 asec [5] , a value which largely departs from the FTL value of 315 asec. Moreover, the emission times t e , as a function of the harmonic order, q, exhibit an extended almost linear part with a slope (2∆t e )/∆q = 50·10 14 / I (I in W/cm 2 ) [7] , the time shifts ∆t e being the difference between the emission times t e of two subsequent harmonics. The strong dependence of the harmonic phases on the intensity of the driving field causes some additional broadening of the measured AC peaks, due to the spatiotemporal laser intensity variation, leading to a spatiotemporal modulation of the duration of the asec bursts. The largest contribution of this effect is from the radial intensity distribution of the laser, due to the increase of the generating surface with increasing radius. In Fig. 1 the XUV pulse intensity is plotted as a function of the generating radial segment. The intensities were corrected for the geometrical factor expressed by the product of the generating area and the Gaussian beam distribution, i.e., π∆r 2 ·exp(-r 2 ). It is clearly seen that the main contribution to the pulse width is not coming from the neighboring area around the peak intensity but rather from an area around the value of 0.22 w 0 , where w 0 is the beam waist. Thus, the pulse duration may be well underestimated if only the peak intensity is taken into account. Note that the further the XUV generation happens from the beam axis the broader it is, not only due to the dependence of the harmonic phases on the intensity of the driving field but also due to the decrease of the number of the superimposed harmonics as the cutoff shifts to lower energies. This is exactly the case of the structure seen in Fig. 1 around the radius of 0.54 w 0 , where the 13 th harmonic was eliminated due to energy considerations, and the pulse was broadened abruptly. So far, the expected radial distribution of the asec burst duration at the generation plane was described. In the experiment [3] , this plane is imaged by the bisected mirror into the autocorrelator interaction region, thus effectively preserving the spatial phase distribution characteristics. The spatially integrating autocorrelator detector "sees" the sum of the radial autocorrelation ion signals. Thus, the sum of the autocorrelation traces of the set of pulses generated at radial segments shown in Fig. 1 , resulted in burst durations of ~680 asec, that is an increase of 15% compared to the peak intensity estimation. Due to the uncertainty in the phase of the 7th harmonic the above estimated durations have a large uncertainty with a lowest limit of 550 asec in the averaged trace. The above estimations indicate that the measured pulse duration of (780±80) asec is close to the expected XUV pulse duration. They also indicate that the duration of the asec pulses is sensitive to the exact driving intensity and thus they exhibit spatiotemporally modulated duration. The later is more pronounced the lower the driving intensity is because of the 1/I dependence of ∆t e . This modulation leads to an increased measured duration than the duration at the peak intensity when the measurement is through a 2 nd order AC. In contrast, in approaches that measure spatiotemporally averaged spectral phases, like those using XUV-IR cross-correlation [7] , the same effect may result in reduced phase difference between subsequent harmonics and therefore, to an underestimation of the burst duration.
